Our Ref: 
KON-1701 



Application For Letters Patent 
Of The United States 



Inventor (s) : 

Isao Endo 
Hiroyuki Yamada 



Title of Invention: 

Image forming apparatus and 
image forming method 



Attorneys : 

Bierman, Muserlian and Lucas LLP 
600 Third Avenue, New York, NY 10016 
(212) 661-8000 

To All Whom It May 1 Concern: 
The following is a specification 
of the aforesaid Invention: 



1 



4947 



IMAGE FORMING APPARATUS AND IMAGE FORMING METHOD 

FIELD OF THE INVENTION 

The present invention relates to an image forming 
apparatus or an image forming method which is employed in 
copiers and printers. 

BACKGROUND OF THE INVENTION 

In recent years, in image forming apparatus to obtain 
high image quality at a high speed, an electrostatic latent 
image development system such as an electrophotographic 
system is almost exclusively employed. It is assumed that 
this trend will continue into the future. Therefore, it has 
been increasingly demanded to further improve image quality 
in said electrostatic latent image development system. 

In the image forming apparatus employing an 
electrophotographic system, known as means to remove residual 
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toner such as non- transferred toner and residual transferred 
toner on the photoreceptor are, for example, cleaning units 
employing a blade cleaning system in which a flat board- 
shaped cleaning blade, comprised of an elastic body, is 
brought into contact with the surface of the photoreceptor so 
as to remove said residual toner. 

Cleaning blade holding systems in such cleaning units 
are mainly divided into a fixed holding system in which, for 
example, said cleaning blade is held employing a fixed type 
blade holder so that said cleaning blade is brought into 
pressure contact with the surface of the photoreceptor 
utilizing the elasticity of the blade itself, and a rotary 
holding system in which the cleaning blade is allowed to 
rotate around its axis, parallel to the rotational axis of 
the image holding body, and said cleaning blade is brought 
into pressure contact with the photoreceptor employing the 
action of a spring force or gravity. Among them, since it is 
possible to stably apply constant load to the photoreceptor 
over an extended period of time, those employing the rotary 
holding system are widely employed. 

However, when the cleaning blade holding system is said 
rotary holding system, problems tends to occur such as so- 
called blade curl-under. 
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In recent years, from the viewpoint of achieving high 
image quality, a decrease in toner particle diameter has been 
demanded. Suitably employed as methods to prepare such toner 
particles have been polymerization methods such as an 
emulsion polymerization and a suspension polymerization 
method. 

As a method to respond to said demand for further 
improvement of image quality, a decrease in particle diameter 
of the employed toner has been undertaken. However, as the 
particle diameter of said toner decreases, adhesive force 
such as van der Waals forces between said toner and the 
photoreceptor (in most cases, being an electrophotographic 
photoreceptor) increases compared to the weight of said 
toner. This fact results in a decrease in transfer 
efficiency of said toner onto the transfer material and a 
decrease in cleaning efficiency. As a result, the amount of 
toner which is not removed on said photoreceptor increases. 

However, as the toner particle diameter decreases, 
adhesion force between toner particles and the photoreceptor 
increases. As a result, it becomes increasingly difficult to 
remove residual toner on the photoreceptor. Specifically, a 
so-called polymerization toner, which is prepared employing a 
polymerization method, is comprised of nearly spherical 
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particles. The resultant toner particles roll on the 
photoreceptor, and pass under the cleaning blade. As a 
result, problems occur in which insufficient cleaning or 
insufficient residual toner removal tends to occur, whereby 
it becomes increasingly difficult to remove residual toner on 
the photoreceptor. 

Said trend is more pronounced for the toner prepared 
employing a so-called polymerization method which is a 
suitable method to prepare toner particles having a minute 
diameter. When an emulsion polymerization method or a 
suspension polymerization is employed, toner particles are 
directly formed. As a result, in addition to the minute 
particle diameter, nearly spherical toner particles are 
formed, whereby the effective contact area between toner 
particles and the photoreceptor (hereinafter occasionally 
referred to as the electrophotographic photoreceptor or the 
photoreceptor) becomes large, and further, during cleaning, 
toner particles tend to roll on the surface of the 
photoreceptor. Due to that, "insufficient cleaning" occurs 
in which toner particles pass under the leading edge of the 
blade. On the other hand, in order to minimize such 
insufficient cleaning, when the cleaning member is 
excessively pressed onto the surface of the photoreceptor, 
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the surface may be subjected to abrasion or toner particles 
are rubbed hard enough onto the surface to be crushed, 
whereby problems tend to occur on the surface of the 
photoreceptor. Said problems on the surface of the 
photoreceptor cause image problems such as white spots, white 
streaks, black spots, and black streaks. Accordingly, stable 
cleaning performance is not obtained over an extended period 
of time. As a result, when said problems are not overcome, 
it is impossible to achieve stable production of high quality 
images . 

In order to minimize said insufficient cleaning, for 
example, Japanese Patent Publication Open to Public 
Inspection No. 3-179675 discloses a cleaning system in which 
mechanical cleaning and electrostatic cleaning are employed 
in combination. 

Specifically, it is constituted in such a manner that a 
voltage applicable brush roller, comprised of conductive 
materials, is provided upstream from the cleaning blade with 
respect to the moving direction of the photoreceptor, and for 
example, a suitable bias voltage, having an opposite polarity 
of the residual toner on the photoreceptor, is applied to 
said brush roller. Thus, improvement of cleaning performance 
is attempted utilizing mechanical cleaning effects by the 
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cleaning blade and electrostatic cleaning effects by the 
brush roller. 

However, it is difficult to completely remove toner 
particles with a small particle diameter, and especially so 
are spherical toner particles which are prepared employing 
said polymerization method. Therefore, it has been demanded 
to develop a method to further enhance the cleaning 
performance. Further, in the image forming apparatus 
constituted as above, most residual toner on the 
photoreceptor is removed by the brush roller positioned 
upstream side respect to the moving direction of the 
photoreceptor. As a result, the amount of the residual 
toner, which reaches the cleaning blade, is frequently 
minimal. In such a case, frictional force on the 
photoreceptor increases so that blade curl -under as well as 
minute vibrations tend to occur. As a result, problems occur 
in which it becomes difficult to perform the stable 
production of high quality images over an extended period of 
time . 

Furthermore, toner which is employed to visualize 
latent images formed on the photoreceptor is adhered to a 
wider area than the image forming area of the photoreceptor 
due to toner scattered by the development unit . Even though 
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said cleaning system is employed, at present it is difficult 
to effectively remove the toner on the photoreceptor, which 
has been scattered over such a wide area. 

In order to overcome such drawbacks, it has been 
considered to increase the cleaning area in the axis 
direction of the photoreceptor by increasing the width of the 
brush roller. However, when only the cleaning area is 
increased, the area, which is charged at a polarity opposite 
the residual toner, becomes excessively large due to the 
brush roller on the latent image holding member. As a 
result, in the opposite charge area which is charged by said 
brush roller and is not recharged by the charging unit, 
staining occurs due to toner adhesion as well as dielectric 
breakdown of the photosensitive layer of the photoreceptor. 
As a result, the apparatus interior tends to be stained and 
insufficient cleaning tends to occur. 

Further, when the reversal development method, which is 
now mainly used in digital copiers, is employed, said 
problems are still more pronounced. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

From the viewpoint of the foregoing, the present 
invention was achieved. An object of the present invention 
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is to provide an image forming apparatus comprising a 
cleaning unit having a cleaning blade, which is capable of 
assuredly minimizing the formation of blade curl -under as 
well as minute vibrations, and is capable of producing high 
quality images over an extended period of time. 

The other object of the present invention is to provide 
an image forming apparatus as well as an image forming method 
in which stable cleaning performance is obtained over an 
extended period of time and high quality images are formed 
without problems such as white streaks and black streaks. 

Further other object of the present invention is to 
provide an image forming apparatus capable of assuredly 
removing residual toner on a photoreceptor as well as of 
minimizing staining in the interior of said apparatus, and 
subsequently capable of forming consistently high quality 
images over an extended period of time. 

Further, another object of the present invention is to 
provide a cleaning unit having high cleaning performance, 
which results in minimized staining in the image forming 
apparatus in which said unit is installed. 

The invention and its embodiment are described. 

The image forming apparatus of the present invention 
comprises a rotationally driven photoreceptor and a cleaning 
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unit which removes residual toner on said photoreceptor which 
has passed a transfer zone in which a toner image formed on 
said photoreceptor is transferred to a recording material in 
which 

said cleaning unit comprises a cleaning roller which is 
disposed so as to come into contact with the surface of said 
photoreceptor, a bias voltage applying means which applies a 
bias voltage to said cleaning roller, and a flat board-shaped 
cleaning blade comprised of an elastic body which is disposed 
so that the leading edge of said cleaning blade comes into 
contact with the surface of said latent image holding member 
downstream from said cleaning roller with respect to the 
movement direction of said photoreceptor, and 
said cleaning blade is supported rotatably around 
predetermined rotationally driven center axis 0 parallel to 
the rotational axis of said photoreceptor so that said 
cleaning blade is rotationally driven from the standard state 
in which the leading edge comes into contact with the surface 
of said photoreceptor while its total shape is not deformed 
and subsequently, is subjected to a working state while its 
entire body is curved, and 
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the position of said rotationally driven center axis 0 is set 
so that said cleaning blade, in its standard state, satisfies 
the Conditions (1) and (2) described below: 
Condition (1) : in the cross-section perpendicular to the 
rotational axis of said photoreceptor, straight line T drawn 
between contact position P of the leading edge of said 
cleaning blade with said photoreceptor and said rotationally 
driven center axis 0 is positioned between tangential line N 
at said contact position P and said cleaning blade, and 
Condition (2) : in the cross-section perpendicular to the 
rotational axis of said photoreceptor, contact angle 0 of 
said cleaning blade with respect to the tangential line of 
said photoreceptor at said contact point P is from 0 to 3 0 
degrees . 

In the image forming apparatus of the present 
invention, the contact load on said cleaning blade is 
preferably from 5 to 50 g/cm. 

Further, said bias voltage applying means is a constant 
current power source. 

Still further, toner employed to form said toner image 
may be comprised of toner particles having a volume average 
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particle diameter of 8.5 \im or less, which are prepared 
employing a polymerization method. 

The image forming apparatus of the present invention 
comprises a rotationally driven photoreceptor, an image 
forming unit which forms a toner image on said photoreceptor 
employing toner comprising a lubricant as the external agent, 
a transfer unit which transfers said toner image formed 
employing said image forming unit onto a recording material 
in the transfer zone, and a cleaning unit which removes 
residual toner on said photoreceptor which has passed said 
transfer zone, wherein 

said cleaning unit comprises a cleaning roller which is 
disposed so as to come into contact with the surface of said 
photoreceptor, a bias voltage applying means which applies a 
bias voltage to said cleaning roller, and a flat board- shaped 
cleaning blade comprised of an elastic body which is disposed 
so that the leading edge of said cleaning blade comes into 
contact with the surface of said latent image holding member 
downstream from said cleaning roller with respect to the 
movement direction of said photoreceptor, and 
which comprises a control mechanism comprising a specified 
toner image forming function which forms a toner image for 
maintaining a blade effect to maintain the desired cleaning 
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effect of said cleaning blade which reaches a cleaning zone 
employing said blade after passing said transfer zone. 

In the image forming apparatus of the present 
invention, said control mechanism is capable of allowing said 
toner image for maintaining a blade effect to reach said 
cleaning zone, in which said cleaning blade is employed, by 
decreasing the cleaning effect obtained by said cleaning 
roller. In this case, when said toner image for maintaining 
the blade effect passes the cleaning zone in which said 
cleaning roller is employed, it is preferable that the 
cleaning effect obtained employing said cleaning roller is 
decreased by decreasing or eliminating the bias voltage which 
is applied to said cleaning roller. 

In said image forming apparatus, it is possible to 
constitute it in such a manner that the specified toner image 
forming function of said control mechanism controls the 
operation of said image forming unit so that said toner image 
for maintaining the blade effect is formed at every specified 
image forming frequency. 

Further, said bias voltage applying means is comprised 
of a constant current power source . 

Still further, said toner employed to form a toner 
image may be comprised of toner particles, having a volume 
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average particle diameter of 8.5 p or less, which are 
prepared employing a polymerization method. 

The image forming apparatus of the present invention 
comprising a photoreceptor which is rotationally driven, a 
charging unit which is arranged so as to face said 
photoreceptor while maintaining parallel to the axis, and 
charges said photoreceptor, a development unit which 
visualizes the latent image on said photoreceptor employing a 
toner, a transfer unit which is arranged to face said 
photoreceptor while maintaining parallel to the axis and 
transfers a toner image on said photoreceptor onto a 
recording material in the transfer zone, and a cleaning unit 
which removes the toner on said photoreceptor which passes 
through said transfer zone, 

in which said cleaning unit comprises a cleaning blade which 
comes into contact with the surface of said photoreceptor, a 
cleaning roller which comes into contact with the surface of 
said latent image holding member upstream with respect to the 
movement direction of said photoreceptor and is arranged to 
maintain parallel to the axis of said photoreceptor, and a 
bias voltage applying means which applies a bias voltage to 
said cleaning roller, 
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is characterized in that formulas (1) and (2) described below 
are satisfied; 

Formula (1) W2 < Wl 

Formula (2) | W3 - Wl | ^30 (in mm) 
wherein Wl is the effective cleaning area obtained by said 
cleaning roller in the axis direction of said photoreceptor, 
W2 is the effective transferring area of said transfer unit, 
and W3 is the effective charging area of said charging unit. 

In the image forming apparatus of the present 
invention, it is preferable that the bias voltage applying 
means in said cleaning unit is a constant current power 
source . 

Further, in said image forming apparatus, toner which 
is employed to visualize a latent image may be comprised of 
toner particles having a volume average particle diameter of 
8.5 [lm or less, which is prepared employing a polymerization 
method and further may be comprised of toner particles having 
a volume average particle diameter in the range of 2 to 3 2 
[Lm, which have a CV value of no more than 20 percent. 

Still further, in said image forming apparatus, the 
development unit may be constituted so that latent images 
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formed on the photoreceptor are visualized employing a 
reversal development method. 

The image forming apparatus of the present invention 
comprising a photoreceptor which is rotationally driven, a 
charging unit which is arranged to face said photoreceptor 
while maintaining parallel to the axis and charges said 
photoreceptor, a development unit which visualizes the latent 
image on said photoreceptor employing a toner, a transfer 
unit which is arranged to face said photoreceptor while 
maintaining parallel to the axis and transfers a toner image 
on said photoreceptor onto a recording material in the 
transfer zone, and a cleaning unit which removes the toner on 
said photoreceptor which passes through said transfer zone, 
in which said cleaning unit comprises a cleaning blade which 
comes into contact with the surface of said photoreceptor, a 
cleaning roller which comes into contact with the surface of 
said latent image holding member upstream with respect to the 
movement direction of said photoreceptor and is arranged to 
maintain parallel to the axis of said photoreceptor, and a 
bias voltage applying means which applies a bias voltage to 
said cleaning roller, 

is characterized in that said cleaning roller is insulated in 
its lateral direction in the part which is located beyond the 



16 



4947 



part corresponding to the area effectively charged by said 
charging unit . 

In said image forming apparatus, it is preferable that 
the bias voltage applying means in said cleaning unit is a 
constant current power source. 

Further, in said image forming apparatus, toner which 
is employed to visualize a latent image may be comprised of 
toner particles having a volume average particle diameter of 
8.5 jam or less, which are prepared employing a polymerization 
method. Further, the development unit may be constituted so 
that latent images formed on the photoreceptor are visualized 
employing a reversal development method. 

The cleaning unit of the present invention comprising a 
cleaning blade which comes into contact with the surface of 
said rotationally driven latent image holding member, a 
cleaning roller which is arranged to come into contact with 
the surface of said photoreceptor upstream with respect to 
the movement direction of said latent image holding member 
from said cleaning position and to maintain parallel to the 
axis of said photoreceptor, and a bias voltage applying means 
which applies a bias voltage to said cleaning roller, 
is characterized in that said cleaning roller is conductive 
in its lateral direction in the part corresponding to the 
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area in which the surface of said photoreceptor is 
effectively charged by said charging unit and is 
simultaneously insulated in the part beyond both edges of the 
part corresponding to said effectively charged area. 

In one of the embodiments cleaning means comprises 

a cleaning roller comprised of an conductive or semi- 
conductive elastic body, 

a cleaning blade which is provided on the downstream 
side of said photoreceptor movement direction from said 
cleaning roller so as to come into contact with the surface 
of said photoreceptor, 

a constant current power source which applies a bias 
voltage having a polarity opposite the charging polarity of 
the toner which has contributed to the formation of said 
toner image in development utilizing said development means, 
and 

a removal means which removes any residual toner from 
said cleaning roller, and 

surface roughness Rz of said photoreceptor is from 0.1 to 2.5 
urn. 

The constant current power source outputs a constant 
current of 1 to 50 |iA. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(a) is a schematic view showing the structure of 
one example of the image forming apparatus of the present 
invention. 

Fig. 2 is a view showing the contact state of the 
cleaning blade with the photoreceptor in Fig. 1(a) . 

Fig. 3 is a view showing the operational state of the 
cleaning blade. 

Fig. 4 is a perspective view showing one example of the 
relationship between the effective cleaning area of a 
cleaning roller, the effective transferring area of a 
transfer unit, and the effective charging area of a charging 
unit . 

Fig. 5 is a view showing another example of the 
constitution of a cleaning roller. 

Figs. 6(a) and 6(b) are each a magnified view of the 
contact area of a photoreceptor employed with a cleaning 
roller. 

Figs. 7(a), 7(b) and 7(c) are a conceptual view showing 
a cleaning configuration. 

Figs. 8 is a conceptual view showing a cleaning 
conf igurat ion . 
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Fig. 9(a) to 9(c) are each a view showing an 
elastic/brush roller cleaning system. 

Fig. 10(a) to 10(f) are each a view of a structure in 
which each cleaning member is paired. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, in addition to electrostatic 
cleaning obtained by employing the cleaning roller, 
mechanical cleaning employing a cleaning blade is carried 
out. As a result, high cleaning effects are exhibited, and 
it is possible to assuredly remove residual toner. 
Furthermore, the position of rotationally driven center axis 
O is set so that the state of the cleaning blade satisfies 
the specified conditions. As a result, the load, which, is 
applied to the leading edge of the cleaning blade while the 
photoreceptor is rotationally driven, acts so as to rotate 
the cleaning blade in the direction to allow the cleaning 
blade to separate from the surface of the photoreceptor, 
utilizing rotationally driven center axis O as the center. 
Therefore, even when the amount of residual toner is minimal, 
it is possible to minimize the formation of curl-under as 
well as minute vibrations, and at the same time to allow the 
cleaning blade to provide sufficient residual toner removing 
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ability. Consequently, desired cleaning effects obtained by 
employing the cleaning blade is stably exhibited over an 
extended period of time. 

Further, in the present invention, by allowing the 
cleaning blade to remove toner images for maintaining blade 
effects, which are formed on the photoreceptor, a lubricating 
action is effected between the cleaning blade and the 
photoreceptor, employing toner comprising lubricants as the 
external agent which constitutes toner images for maintaining 
said blade effects. As a result, it is possible to retard 
friction forces acting on the leading edge of the cleaning 
blade to become excessive and to minimize the formation of 
blade curl -under as well as minute vibrations. 

In the image forming apparatus of the present 
invention, in addition to mechanical cleaning employing a 
cleaning blade, electrostatic cleaning is carried out 
employing a cleaning roller. As a result, basically, highly 
effective cleaning is exhibited so that it is possible to 
assuredly remove residual toner on the photoreceptor. In 
addition, since effective cleaning area Wl of the cleaning 
roller is set in the specified range, it is possible to allow 
the electric removal field formed between the photoreceptor 
and the cleaning roller to act on the specified area with 
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respect to the axis direction of the photoreceptor. As a 
result, it is possible to assuredly minimize interior 
apparatus staining due to toner adhesion as well as the 
formation of insufficient cleaning due to the dielectric 
breakdown of the photosensitive layer of the image holding 
body. 

In the cleaning unit of the present invention, the part 
beyond both edges of the part corresponding the charged area 
of the photoreceptor is insulated in the lateral direction of 
the cleaning roller so that the part beyond the effectively 
charged area is not charged by the cleaning roller. As a 
result, interior apparatus staining due to toner adhesion as 
well as insufficient cleaning is minimized, whereby desired 
cleaning effects are continually exhibited over an extended 
period of time. 

The cleaning roller has a surface resistivity of, 
preferably, 10 2 to 10 10 Q/D. 

The cleaning roller is preferably comprised of an 
elastic body. 

The cleaning roller is preferably comprised of a foamed 
material and a resinous film covering said foamed material. 
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The image forming apparatus preferably comprises a 
recycling means in which any toner recovered employing said 
cleaning means is re-supplied to said development means and 
reused . 

The removal means is comprised of a blade. 

In the image forming apparatus it is preferable that a 
plurality of said removal means is provided. 

In the image forming apparatus, the photoreceptor 
preferably comprise a surface layer comprising a siloxane 
resin having a cross-linked structure. 

The surface layer preferably comprises a siloxane resin 
based resin comprising structural units having charge 
transportability. 

The photoreceptor is preferably comprised of a 
conductive support, an interlayer, a photosensitive layer, 
and a surface layer comprising a siloxane based resin having 
a crosslinked structure, and said layers are provided in said 
order . 

The cleaning blade comes into contact with the 
photoreceptor preferably at a load of 0.1 to 30 g/cm 
utilizing a counter system and accomplishes a cleaning 
function. 
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The contact angle of cleaning blade to the 
photoreceptor is preferably at a 0 to 40 degrees utilizing a 
counter system. 

The cleaning blade is comprised of an elastic body 
having a hardness in the range of preferably 2 0 to 9 0 
degrees . 

The toner employed in development preferably has a 
volume average particle diameter of 3 to 8.5 \m. 

EMBODIMENTS OF THE INVENTION 

The present invention will now be detailed with 
reference to the drawings. 

Figs. 1(a) and 1(b) each is a schematic view showing 
the structure of one example of the image forming apparatus 
of the present invention. Fig. 2 is a view showing the 
contact state of a cleaning blade with a photoreceptor. 

Said image forming apparatus comprises drum- shaped 
photoreceptor 10 which is rotationally driven, charging unit 
11 which uniformly charges the surface of said photoreceptor 
10, exposure unit 12 which exposes the surface of said 
photoreceptor 10 charged by said charging unit 11, 
development unit 13 which visualizes the electrostatic latent 
image formed by said exposure unit 12 employing a developer 
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comprising a toner, a transfer unit 14 which transfers the 
toner image formed on photoreceptor 10 in the transfer zone 
onto a recording material, separation unit 15 which separates 
said recording material which comes into close contact with 
photoreceptor 10, and cleaning unit 2 0 which removes the 
toner on photoreceptor 10 which passes through the transfer 
zone . 

Photoreceptor 10 is comprised of, for example, an 
organic photoreceptor in which a photosensitive layer 
comprised of resins comprising organic photoconductive 
materials is formed on the external circumferential surface 
of a drum- shaped metallic base body, and is arranged to 
maintain parallel to the lateral direction (in Fig. 1(a), 
perpendicular direction to the paper surface) of the conveyed 
recording material. 

The friction coefficient of the surface of 
photoreceptor 10 to the employed cleaning blade is preferably 
from 0.3 to 4. Listed as resins which constitute the 
photosensitive layer having a friction coefficient in said 
range are, for example, polycarbonate resins, silicone 
resins, polystyrene resins, acrylic resins, methacrylic 
resins, epoxy resins, polyurethane resins, vinyl chloride 
resins, and melamine resins. 
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Development unit 13 is fitted with development sleeve 
13A which is arranged to face photoreceptor 10 via a 
development zone. A direct current development bias having 
the same polarity as that of charging unit 11 or a 
development bias in which a direct current voltage having the 
same polarity as charging unit 11 is superposed onto the 
alternative current voltage, is applied to said development 
sleeve 13. By so doing, reversal development is carried out 
in which toner is adhered onto the area exposed by exposure 
unit 12 . 

Cleaning unit 2 0 comprises conductive or semi- 
conductive cleaning roller 21 arranged to come into contact 
with the surface of photoreceptor 10, bias voltage applying 
means 22 which applies a bias voltage to said cleaning roller 
21, and flat board- shaped cleaning blade 23 comprised of an 
elastic body such as urethane rubber, which is arranged to 
come into contact with the surface of photoreceptor 10 
downstream with respect to the moving direction of 
photoreceptor 10, and to extend the leading edge toward the 
opposite direction of the movement of photoreceptor 10 - 
Further, both cleaning roller 21 and said cleaning blade are 
arranged to be parallel to the rotational axis of 
photoreceptor 10. 
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In Fig. 1(a), numeral 24 is a scraper provided on 
cleaning roller 21, which recovers toner on cleaning roller 
21. The recovered toner is conveyed to development unit 13 
employing recovery roller 25 which is arranged to maintain 
parallel to cleaning roller. The recovered residual toner is 
conveyed to development unit 12, employing the recovery 
roller 25 and reused. 

From the viewpoint of obtaining an excellent contact 
state with photoreceptor 10, cleaning roller 21 is comprised 
of an elastic body. Employed as materials of said elastic 
body may be rubber materials, conventionally known in the 
art, such as silicone rubber and polyurethane , foamed rubber 
body or those which are prepared by covering a foamed rubber 
body with resins. 

Cleaning roller 21 is either conductive or semi- 
conductive, and its surface resistance is preferably from 10' 
to 10 10 Qcm. When said surface resistance is 10 2 ilcm or 
less, banding due to discharge tends to occur. On the other 
hand, when it exceeds 10 10 Q,cm, the potential difference 
necessary for removing toner is not obtained, whereby 
insufficient cleaning tends to occur. 
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Further, it is possible to adjust said surface 
resistance by adding conductive materials such as carbon, 
metals and conductive polymers to elastic body materials 
constituting cleaning roller 21, or by introducing polar 
groups to the same . 

The surface resistivity of the cleaning roller is the 
value determined at normal temperature and normal humidity 
(26 °C and 50 percent relative humidity) under an applied 
voltage of 10 V in a measurement time of 10 seconds, 
employing Hirester IP (MPC-HT250 ) and HA Rope, manufactured 
by Mitsubishi Yuka Co., Ltd. 

Further, the thickness of said conductive or semi- 
conductive elastic layer varies depending on the surface 
resistivity and hardness of the employed materials, but is 
preferably set from about 0.5 to about 5 0 mm in order to 
assure suitable resistance values as well as the nip width. 
Further, the volume resistivity of roller materials is 
preferably in the range of 10 2 to 10 10 Qcm. 

The surface resistivity 
of said cleaning roller is the value determined at normal 
temperature and normal humidity (26 °C and 50 percent 
relative humidity) under an applied voltage of 10 V in a 



28 



4947 



measurement time of 10 seconds, employing Hirester IP (MPC- 
HT250) and HA Rope, manufactured by Mitsubishi Yuka Co., Ltd. 

At the contact position with photoreceptor 10, it is 
preferable that cleaning roller 21 rotates so as to move in 
the same direction as photoreceptor 10, namely rotates in the 
opposite direction (in the example of Fig. 1(a), the 
counterclockwise direction) in the opposite direction of 
photoreceptor 10. When cleaning roller 21 rotates in the 
same direction as photoreceptor 10 and the excessive amount 
toner is present on the surface of photoreceptor 10, toner 
removed by cleaning roller 21 may be spilt and may 
occasionally stain recording materials as well as the 
interior of the apparatus . 

Further, the linear speed ratio Vr/Vp of the linear 
speed Vr of cleaning roller 21 to the linear speed Vp of 
photoreceptor 10 is preferably from 0.5 to 2.0. When said 
linear speed ratio is 0.5 or less, image staining tends to 
occur due to a decrease in cleaning ability. On the other 
hand, when said ratio exceeds 2.0, the surface tends to be 
damaged by including foreign matter. 

Bias voltage applying means 22, connected to cleaning 
roller 21, is comprised of, for example, a constant current 
power source. Subsequently, electric current is applied to 
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cleaning roller 21 so that a bias voltage having a polarity 
opposite that of the toner, which is employed to visualize 
electrostatic latent images on photoreceptor 10, so that, for 
example, when said toner is negatively charged, a positive 
bias voltage is applied to cleaning roller 21. As a result, 
said toner is electrostatically attracted by said cleaning 
roller, and removed from the surface of photoreceptor 10. 

Employed as power source 22 is a constant current power 
source which applies said bias voltage. 

The constant current power source, as described herein, 
refers to a power source which is structured so as to control 
the output voltage in response to the resistance between the 
cleaning roller and the photoreceptor, so that a constant 
current value is always outputted. 

After image transfer, an electrostatic charge is 
present on photoreceptor 10, and the electric potential on 
said photoreceptor is not uniform. However, by applying said 
bias voltage to said cleaning roller, utilizing said constant 
current power source, when toner is electrostatically 
attracted to said cleaning roller, a nearly constant electric 
field is formed between the surface of said photoreceptor and 
the surface of said cleaning roller. As a result, uniform 
cleaning effects are obtained, whereby excellent cleaning 



30 



4947 



effects are achieved. Further, since great difference in 
electric potential is not locally formed, discharge also 
barely occurs . 

The current value, which is applied to cleaning roller 
21 employing bias voltage applying means 22, varies depending 
on the thickness of the photosensitive layer of photoreceptor 
10 and the surface resistance of cleaning roller 21, but is 
preferably from 1 to 5 0 \IA in terms of an absolute value. 
When said current value is 1 [iA or less, it becomes difficult 
to achieve sufficient cleaning, while when said value exceeds 
50 JiA, discharge tends to occur. 

For example, when the thickness of the photosensitive 
layer of photoreceptor 10 is from 15 to 3 0 flm and the surface 
resistance of cleaning roller 21 is from 10 2 to 10 10 Q.cm r the 
current value applied to cleaning roller 21 is preferably 
from 5 to 40 uA in terms of an absolute value. 

As shown in Fig. 1(a), it is preferable that by 
allowing scraper 24, as the removal means, to come into 
contact with cleaning roller 21, matter to be removed such as 
toner, which has been transferred from photoreceptor 10 to 
cleaning roller 21, is removed. 



31 



4947 



Employed as scraper 24 are elastic plates such as 
phosphor bronze plates, polyethylene terephthalate plates, 
and polycarbonate plates. Said scraper 24 may come into 
contact with cleaning roller 21 in either a trailing system, 
in which a tip forms an acute angle on the non-cleaning side 
of said cleaning roller 21, or a counter system in which a 
tip forms an acute angle on the cleaning side of said 
cleaning roller 21. 

Further, other than said scraper, it is possible to 
employ rollers as well as brushes as the removal means. 
Toner recovered by scraper 24 is charged into development 
means 4 together with toner recovered by cleaning blade 23, 
employing recycling means and reused. A plurality of removal 
means such as scraper may be provided. When cleaning ability 
of cleaning roller is enhanced, recovery is preferably 
carried out employing a plurality of scrapers, since the 
toner adheres tightly to cleaning roller 82 under an 
electrostatic force. 

The hardness of said cleaning roller is preferably in 
the range of 5 to 6 0 degrees, and is more preferably from 10 
to 5 0 degrees. When said hardness is less than 5 degrees, 
the durability is not sufficient, while when said hardness 
exceeds 60 degrees, it becomes difficult to assure the 
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contact width between said photoreceptor and said cleaning 
roller, and further, the photoreceptor surface tends to be 
abraded. Incidentally, the hardness of said cleaning roller 
is the value obtained by measuring the elastic body after 
molding said roller, employing Asker C Hardness Tester (at a 
load of 300 gf ) . 

The contact width between said photoreceptor and said 
cleaning roller is preferably in the range of 0.2 to 5 mm, 
and is more preferably in the range of 0.5 to 3 mm. When 
said contact width is less than 0.2 mm, the cleaning ability 
becomes insufficient, while when said contact width exceeds 5 
mm, said photoreceptor tends to be abraded, due to sliding. 

The portion on the end of cleaning blade 23 is held 
employing rotary type blade holder 26, arranged rotatably 
around predetermined rotationally driven center axis 0 which 
is disposed to be in parallel to the rotational axis of 
photoreceptor 10. Said cleaning blade 23 rotates while 
being pressed by pressing means 27 provided on blade holder 
26 from standard state (I) in which said cleaning blade comes 
into contact with the surface of photoreceptor 10 without any 
deformation of its shape. Subsequently, the portion on the 
end is subjected to movement in the direction separating from 
photoreceptor 10 (being the counterclockwise rotation 
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utilizing the rotationally driven center axis 0 as the 
center) so as to result in working state (II) in which the 
entire cleaning blade 23 is bent and is brought into pressure 
contact with photoreceptor 10 in a state in which the contact 
load to photoreceptor 10 is controlled at a definite 
magnitude (refer to Fig. 2) . 

As shown in Fig. 2, the position, at which rotationally 
driven center axis 0 is arranged, is set so that cleaning 
blade 23 satisfies Conditions (1) and (2) described below at 
its standard state (I) . 
Condition (1) 

In the cross-section perpendicular to the rotational 
axis of photoreceptor 10, straight line T drawn between 
contact position P of the leading edge of cleaning blade 23 
and said rotationally driven center axis 0 is positioned 
between tangential line N of photoreceptor 10 at said contact 
position P and cleaning blade 23, namely fulcrum angle 62 
formed between tangential line N of photoreceptor 10 at 
contact point P and straight line T drawn between contact 
position P and rotationally driven center axis 0, is smaller 
than contact angle 6l formed between tangential line N of 
photoreceptor 10 at contact point P and cleaning blade 23. 
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Condition (2) 

In the cross-section perpendicular to the rotational 
axis of photoreceptor 10, contact angle 6l of cleaning blade 
23 with respect to tangential line N of photoreceptor 10 at 
contact point P is preferably from 0 to 3 0 degrees. 

Further, said contact angle 9l is more preferably from 
5 to 2 5 degrees. 

As noted, cleaning blade 23 is comprised of an elastic 
body. Its repulsion elasticity modulus is preferably from 10 
to 80 percent at 25 °C, and is more preferably from 30 to 70 
°C. Due to that, it is possible to assuredly minimize blade 
curl -under as well as minute vibrations, whereby it is 
possible to produce high quality images over an extended 
period of time. 

The repulsion elasticity modulus, as described herein, 
is a value determined based on JIS K 6255. 

JIS A Hardness of cleaning blade 23 is preferably from 
20 to 90 degrees, and is more preferably from 60 to 80 
degrees. When JIS A Hardness is 20 degrees or less, cleaning 
blade 23 becomes excessively soft, whereby blade curl-under 
is more likely to occur. On the other hand, when JIS A 
Hardness exceeds 90 degrees, it becomes difficult to allow 
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cleaning blade 23 to follow slight unevenness or to ride over 
foreign matter, whereby insufficient residual toner removal 
tends to occur. 

JIS A Hardness, as described herein, means a value 
determined based on JIS K 6253. 

Said cleaning blade can be prepared by employing 
elastic bodies, such as polyurethane . 

The contact load of cleaning blade 23 to photoreceptor 
10 is preferably from 0.1 to 3 0 g/cm, and is more preferably 
from 1 to 25 g/cm. When said contact load is 0.1 g/cm or 
less, cleaning ability becomes insufficient so that image 
staining tends to occur. On the other hand, when said 
contact load exceeds 3 0 g/cm, photoreceptor 10 is subjected 
to excessive abrasive wear so that image blurring tends to 
occur . 

Said contact load is determined employing a method in 
which the contact load is determined by pressing the leading 
edge of cleaning blade 23 against a scale or a method in 
which a the contact load is electrically determined by 
providing a sensor, such as a load cell, at the contact 
position of photoreceptor 10 and the leading edge of cleaning 
blade 23. 
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The thickness as well as the free length of cleaning 
blade 23 is not particularly limited as long as the contact 
load as well as contact angle 01 of cleaning blade 23 is in 
said range. However from the viewpoint of enhancing 
controllability of the contact load as well as minimizing the 
formation of blade curl -under, the thickness of said cleaning 
blade is preferably from 1 to 3 mm, and is more preferably 
from 1.5 to 2.5, while the free length is preferably from 2 
to 20 mm, and is more preferably from 3 to 15 mm. "Free 
length" , as described herein, refers to the length of non- 
restricted portion from blade holder 26, that is the length 
of the part from the bottom plane of blade holder 26 to the 
leading edge of cleaning blade 23 . 

The contact angle 0 of cleaning blade 23 to 
photoreceptor 10 is preferably from 0 to 3 0 degrees, and is 
more preferably from 0 to 25 degrees. When contact angle 0 
is 0 degree or less, cleaning ability decreases so that image 
staining tends to occur. 

In the foregoing, each cleaning area, affected by 
cleaning roller 21 as well as cleaning blade 23, has been set 
so as to be greater than the image forming area across the 
width of photoreceptor 10 (being the rotational direction) . 
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Further, it is preferable that the width of cleaning 
blade 23 is basically the same as that of cleaning roller 21. 
However, even though there is about a 5 mm difference at each 
end from the design conditions of the apparatus, no problem 
occurs for commercial viability. 

As shown in Fig. 4, in the image forming apparatus of 
the present invention, when, in the axis direction (being the 
lateral direction) of photoreceptor 10, an effective cleaning 
of cleaning roller 21 is represented by Wl while an effective 
transferring area of transfer unit 14 is represented by W2 , 
the arrangement is such that effective cleaning area Wl is 
greater than effective transferring area W2 . As a result, 
employing cleaning roller 21, it is possible to assuredly 
remove toner, which has been scattered beyond effective 
cleaning area W2 and adhered onto photoreceptor 10. 

"Effective cleaning area Wl" , as described herein, 
refers to the width in which, in the lateral direction of 
photoreceptor 10, a removal electric field formed between 
photoreceptor 10 and cleaning roller 21 works effectively. 
"Effective transferring area W2", as described herein, refers 
to the width in which, in the lateral direction of 
photoreceptor 10, discharge obtained by transfer unit 14 
works effectively. Further, when said transfer unit 14= is of 
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a contact type, the width of said transfer unit 14, which 
comes into contact with the surface of photoreceptor 10, is 
regarded as effective transferring area W2 . 

Effective cleaning area Wl is preferably at least 3 mm, 
and preferably at least 7 mm greater than effective transfer 
area W2 at each end. Due to that, it is possible to remove 
toner which has been scattered over a wider range with 
respect to the lateral direction of photoreceptor 10. On the 
other hand, when effective transfer area W2 is greater than 
effective cleaning area Wl, it is impossible to remove toner 
which has been scattered beyond effective transfer area W2 
and subsequently adheres to photoreceptor 10. As a result, 
charge electrodes as well as optical systems are stained, 
whereby image problems such as background staining and white 
streaking occur. 

Further, when, across the width, effective charging 
area of charging unit 11 is represented by W3 , the absolute 
value of the differences between effective charging area W3 
and effective cleaning area Wl is to be | W3 - Wl | ^ 30. By 
satisfying said formula, it is possible to assuredly recharge 
the specified area, whereby it is possible to assuredly 
minimize insufficient cleaning due to dielectric breakdown of 
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the photosensitive layer of photoreceptor 10 and also 
assuredly minimize interior apparatus stain due to toner 
adhesion . 

"Effective charging area", as described herein, refers 
to the width of photoreceptor 10 in which discharge obtained 
by charging unit 11 works effectively. Further, when said 
charging unit is of a contact type, the width of said 
charging unit, which comes into contact with the surface of 
photoreceptor 10, is regarded as effective charging area W3 . 

One example of the area size in said image forming 
apparatus will now be described. For example, when effective 
transferring area W2 of transfer unit 14 is 300 mm, effective 
cleaning area Wl is set at 3 06 mm or more which is at least 3 
mm greater at each end than effective transferring area W2 . 
When effective cleaning area Wl is set at 306 mm, effective 
charging area W3 obtained by charging unit 11 is set at 276 
to 336 mm. In order to minimize a reversal charging area 
(being W4 in Fig. 4) which is charged by cleaning roller 11 
and is not recharged by charging unit 11, it is preferable 
that effective charging area W3 is set to be as close as 
possible to effective cleaning area Wl or to be greater: than 
effective cleaning area Wl . 
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The surface of photoreceptor 10, which is rotationally 
driven, is successively charged to the specified polarity 
{for example, negative polarity) . By selectively irradiating 
light onto the surface of the resulting photoreceptor 10 
employing exposure unit 12, the electric potential in the 
light irradiated area (being the exposed area) decreases and 
results in formation of an electrostatic latent image 
corresponding to the original document. Further, the surface 
of development sleeve 13A constituting development unit 13 is 
charged to the same polarity (for example, the negative 
polarity) as that of the surface potential of photoreceptor 
10, employing a development bias applied from a power source 
(not shown) and developer comprising toner, which is charged 
to the same polarity (for example, negative polarity) as that 
of the surface potential of development sleeve 13A, is 
conveyed to a development zone. 

Surface potential Vh of the unexposed area of 
photoreceptor 10, surface potential VI of the exposed area of 
photoreceptor 10 and surface potential Vd of development 
sleeve 13A all have the same polarity and their absolute 
values are represented by the relationship of Vh > Vd > VI . 
Accordingly, toner on development sleeve 13A is adhered to 
the exposed area, whereby reversal development is carried 
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out. A toner image formed on photoreceptor 10 is then 
transferred to a recording material. The recording material 
to which said toner image has been transferred is separated 
from the surface of photoreceptor 10, employing separation 
unit 15, and is then subjected to a fixing treatment in 
fixing unit 16 . 

On the other hand, a bias voltage in response to the 
volume of the electric current controlled by control unit 27 
is applied to cleaning roller 21 constituting cleaning unit 
20, employing a bias voltage applying means, and said 
cleaning roller 21 is charged to the opposite polarity (for 
example, positive polarity) of the residual toner on 
photoreceptor 10 which has passed through the transfer zone, 
whereby most residual toner on photoreceptor 10 is removed. 
After the residual toner passing through cleaning roller 21 
is mechanically removed by cleaning blade 23, photoreceptor 
10 is recharged by charging unit 11, and said operation is 
repeated . 

Further, recovered residual toner is conveyed to 
development unit 12, employing recovery roller 25 and reused. 

By employing said image forming apparatus, in addition 
to mechanical cleaning of cleaning blade 23, electrostatic 
cleaning is carried out employing cleaning roller 21. As a 
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result basically, high cleaning effects are exhibited and the 
residual toner on photoreceptor 10 is assuredly removed. In 
addition, since effective cleaning area Wl of cleaning roller 
21 is set in the specified range, it is possible to allow the 
removal electric field formed between photoreceptor 10 and 
cleaning roller 21 to act on the specified area in the 
lateral direction of photoreceptor 10. As a result, it is 
possible to assuredly minimize interior apparatus staining 
due to toner adhesion as well as insufficient cleaning due to 
dielectric breakdown of the photosensitive layer of 
photoreceptor 10. 

Specifically, since effective cleaning area Wl is 
greater than effective transferring area W2 of transfer unit 
14, it is possible to allow the removal electric field to act 
on toner scattered and adhered beyond effective transferring 
area W2 across photoreceptor 10. As a result, it is possible 
to assuredly remove said toner. At the same time, since 
effective cleaning area Wl and effective charging area W3 of 
charging unit 11 satisfies the formula of | W3 - Wl | ^30, 
it is possible to minimize the area which is charged by 
cleaning roller 21 on photoreceptor 10 and is not recharged 
by charging unit 11, which is the area charged to the 
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opposite polarity of the toner. As a result, it is possible 
to minimize toner adhesion as well as toner accumulation in 
said opposite polarity area, and dielectric breakdown of the 
photosensitive layer of photoreceptor 10, whereby it is 
possible to maintain high cleaning performance over an 
extended period of time and also to form high quality images. 

When bias voltage applying means 22 in cleaning unit 2 0 
is a constant current power source, is generated electric 
potential difference, which is sufficient enough to run at a 
constant current between the surface of cleaning roller 21 
and the surface of photoreceptor 10, and at the same time, 
the resulting potential difference is kept constant in 
response to the surface potential of photoreceptor 10. As a 
result, it is possible to assuredly minimize unevenness due 
to the potential level and polarity of photoreceptor 10 as 
well as insufficient cleaning, compared to the case in which 
a constant voltage power source is employed. 

As shown in Fig. 5, in the image forming apparatus of 
the present invention, it is preferable that cleaning roller 
30 constituting cleaning unit 20 is comprised of conductive 
portion 31 and insulated portion 3 2 which are located beyond 
both ends of said conductive portion 31 in the lateral 
direction . 
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Specifically, in said cleaning roller 30, the portion 
corresponding to effective charging area W3 of charging unit 
11, is comprised of a conductive or semi -conductive material, 
and at the same time, a part beyond the part corresponding to 
effective charging area W3 is comprised of insulating 
materials. Further, in order to minimize discharge from 
conductive portion 31, cleaning roller constituting 
materials, each of which has different surface resistance, is 
joined via, for example, insulating buffer member 33. 

The surface resistance of insulated portion 32 is 
preferably at least 10 11 Qcm, and is more preferably at least 
10 13 Qcm. By adjusting the surface resistance to the 
preferred range, it is possible to assuredly minimize 
discharge due to the electric current applied by cleaning 
roller 30 as well as charge accumulation on photoreceptor 10. 

Said surface resistance is obtained based on V/IW, 
wherein V is the constant voltage applied to cleaning roller 
30 when said cleaning roller is provided on a flat conductive 
board, I is the electric current running from said flat 
board, and W is the contact width of said flat board and 
cleaning roller 30. 
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The length of insulated portion 32 is preferably from 2 
to 80 mm. By adjusting said length to said range, it is 
possible to assuredly minimize the occurrence in which toner, 
which has been recovered, is scattered on the ends of 
photoreceptor 10 and re-adheres onto said photoreceptor 10. 

In said image forming apparatus, the portion located in 
the position beyond both ends of conductive portion 31, 
corresponding to effective charging area W3 , is insulated. 
As a result, on the surface of photoreceptor 10, an opposite 
charge area, which is charged by cleaning roller and is not 
recharged by charging unit 11, is not formed. Namely, since 
the surface of photoreceptor 10 is assuredly recharged by 
charging unit 11, neither interior apparatus staining due to 
toner adhesion, nor insufficient cleaning due to dielectric 
breakdown of the photosensitive layer occurs, whereby it is 
possible to maintain high cleaning performance over an 
extended period of time and still to form high quality 
images . 

Further, since insulated portion 3 2 is formed on 
cleaning roller 30, it is possible to minimize occurrence in 
which toner, which has been recovered, is scattered on the 
sides of photoreceptor 10 and adheres onto said photoreceptor 
10. 
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As noted above, in the image forming method of the 
present invention, in addition to mechanical cleaning by- 
cleaning blade 23, electrostatic cleaning by cleaning roller 
3 0 is conducted. As a result, without an increase in contact 
load of cleaning blade to photoreceptor 10, it is possible to 
obtain higher cleaning performance without fluctuations over 
an extended period of time. Therefore, marked effects are 
exhibited by employing organic photoreceptors which have not 
been employed in the conventional cleaning units, due to the 
fact that it was impossible to increase contact load of 
cleaning blade 23 and to still obtain stabilized cleaning 
performance over an extended period of time. 

Fig. 3 is referred to. By employing said image forming 
apparatus, in addition to electrostatic cleaning affected by 
employing cleaning roller 21, mechanical cleaning is carried 
out employing cleaning blade 23. As a result, basically high 
cleaning effects are exhibited and the residual toner on 
photoreceptor 10 is assuredly removed. In addition, since 
the position of rotationally driven center axis O is set so 
that cleaning blade 23 is brought into a state which 
satisfies the specified conditions, it is possible to 
assuredly minimize the formation of blade curl-under as well 
as minute vibrations. 
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Specifically, as shown in Fig. 3, by rotationally 
driving photoreceptor, reaction force Fl of the pressure 
contact force on photoreceptor is allowed to act on the 
leading edge of cleaning blade 23, which comes into contact 
with the surface of photoreceptor, in the circumferential 
direction of the circular orbit which is drawn by the leading 
edge of cleaning blade 23 at contact point P, utilizing 
rotationally driven center axis 0 as the center and at the 
same time, friction force F2 on photoreceptor is allowed to 
act on the same direction (being the direction of tangential 
line N from contact point P) which is the same as the 
rotation direction of photoreceptor. As a result, resultant 
force F3 between reaction force Fl of pressure contact force 
F and friction force F2 totally acts on the direction to 
press-deform cleaning blade 23. 

Further, since the position of rotationally driven 
center axis 0 is set so that the cleaning blade is in the 
state which satisfies above Condition (1) , it is possible to 
allow resultant force F3 of reaction force Fl of the pressure 
contact force and friction force F2 to act on cleaning blade 
23 so as to be rotationally driven in the direction to 
separate said cleaning blade 23 from the surface of 
photoreceptor, utilizing rotationally driven center axis O as 
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the center. As a result, it is possible to assuredly 
minimize the formation of blade curl-under as well as minute 
vibrations. Further, since cleaning blade 23 is provided in 
the state which satisfies above Condition (2) , it is possible 
to obtain sufficient toner removal ability (cleaning 
ability) . Accordingly, even when a small amount of toner 
reaches the cleaning zone in which cleaning blade 23 is 
employed, predetermined cleaning effects obtained by 
employing cleaning blade 23 is exhibited, whereby it is 
possible to achieve stable production of high quality images. 

Still further, other than the formation of ordinary 
toner images corresponding to images of original documents, 
it is possible to constitute the image forming apparatus of 
the present invention in which a control mechanism (not 
shown) is provided which comprises a specified toner image 
forming function which forms blade effect-maintaining toner 
images (hereinafter occasionally referred to as "specified 
toner images") to maintain effects of cleaning blade 23, 
which reach the cleaning zone employing cleaning blade 23 
after passing the transfer zone. 

Toners employed to form ordinary toner images and. 
specified toner images are comprised of the same composition 
and comprise at least external lubricants. Said external 



49 



4947 



lubricants are not particularly limited, and it is possible 
to employ various fine inorganic, organic particles and 
s 1 ipp ing agent s . 

Said control mechanism is assumed to function as 
follows. For example, by decreasing cleaning effects 
obtained by cleaning roller 21, employing cleaning blade 23, 
specified toner images are allowed to reach the cleaning 
zone. In order to decrease said cleaning effects obtained by 
cleaning roller 21, for example, when said specified toner 
image passes through the cleaning zone employing cleaning 
roller 21, it is possible to decrease said cleaning effects 
by decreasing or eliminating bias voltage which is applied to 
cleaning roller 21, employing said bias voltage applying 
means (hereinafter occasionally referred to as "roller effect 
decreasing function"). 

The toner image forming function in said control 
mechanism is considered to be achieved as follows. The 
operation of said image forming unit is controlled so that 
said specified toner image is formed at every specified 
frequency of image formation, namely, said specified toner 
image passes through the transfer zone until the recording 
material, which continuously follows said recording material, 
is supplied to said transfer zone, after recording materials 
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involved in the specified image forming frequency passes 
through said transfer zone. 

Further, at the time when copying operation is 
initiated as well as at the time when copying operation is 
terminated, the operation of said image forming unit may be 
controlled so as to form said specified toner image. 

When said specified toner image is formed at every 
specified frequency of image formation, said specified toner 
image varies depending on the width or the length in the 
circumferential direction, or on the contact load and contact 
angle 9l . However, it is preferable to be set so that said 
specified image is formed at such a frequency as, for 
example, from once per 5 copies to once per 100 copies. 

Specifically, as the width or the length in the 
circumferential direction increases, the frequency of said 
specified toner mage formation is set so as to decrease, and 
as the contact load or contact angle 01 of cleaning blade 23, 
with respect to photoreceptor 10, decreases, the frequency of 
specified toner image formation is set so as to also 
decreases . 

Further, it is also possible to set the frequency of 
specified toner image formation based on total image 
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formation frequency or a specified ambience. Specifically, 
it is set so that as the total image formation frequency 
increases, the frequency of the specified toner image 
formation increases. Further, when employed under an 
ambience of high temperature and high humidity (at least 3 0 
°C and at least 8 0 percent relative humidity) , high frequency 
of the specified toner image formation is set, while when 
employed under an ambience of low temperature and low 
humidity (no higher than 10 °C and no higher than 2 0 percent 
relative humidity) , said frequency is set to be low. 

Said image forming unit is comprised of charging unit 
11, exposure unit 12, and development unit 13. During 
formation of said specified toner images, operation of at 
least one of three is controlled. Specifically, it is 
possible to employ a means in which charging to photoreceptor 
10 employing charging unit 11 is temporarily suspended, and a 
so-called solid image is formed by allowing toner to adhere 
onto the entire surface of an uncharged image forming area, a 
means in which light is selectively irradiated onto the 
uniformly charged area, employing charging unit 11, in which 
said specified toner image is to be formed, and a means in 
which a solid image is formed in such a manner that by 
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temporarily increasing a development bias applied to 
development sleeve 13A in development unit 13, toner is 
subjected to adhesion. Of these means, from the viewpoint of 
excellent controllability of the size of said specified toner 
images and image density, it is preferable that said 
specified toner image is formed employing the means described 
in aforesaid (2) . 

It is preferable that the area of the specified toner 
image to be formed on photoreceptor 10 is greater, in the 
lateral direction of photoreceptor 10 (being the rotating 
direction) , than the image forming area formed by ordinary 
image forming processes. Further, it is preferable that said 
area is at least 9 0 percent of the cleaning area obtained 
employing cleaning blade 23. 

Further, the length of photoreceptor 10 in the 
circumferential direction is preferably in the range of 0.1 
to 3 0 mm. When said length is 0.1 mm or less, it is 
difficult to obtain sufficient effects to minimize blade 
curl-under as well as minute vibrations. On the other hand, 
when it exceeds 30 mm, insufficient cleaning may occur. 

When the image forming apparatus, constituted as above, 
is employed, by removing the specified toner image formed on 
photoreceptor 10 employing cleaning blade 23, lubricating 
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action is applied between cleaning blade 23 and photoreceptor 
10, employing toner comprising external lubricants which are 
employed to constitute specified toner images. As a result, 
it is possible to retard an excessive increase in friction 
force applied to cleaning blade 23 so that it is possible to 
carry out stable production of high quality images over an 
extended period of time. 

Further, since said specified toner image is formed on 
photoreceptor 10 so as to function as the lubricant for 
cleaning blade 23, it is possible to maintain desired 
cleaning effects by the blade. As a result, it is 
unnecessary to provide a lubricant supply means separately 
from cleaning unit 20, whereby it is possible to decrease the 
overall size of the cleaning unit. 

By lowering or eliminating the bias voltage applied to 
cleaning roller 21, said roller effect decreasing effects are 
become evident. As a result, it is possible to assuredly 
supply a definite amount of toner to cleaning blade 23, 
whereby it is possible to assuredly minimize blade curl-under 
as well as minute vibrations. 

Further, by forming said specified toner images at 
every specified image formation frequency, it is possible to 
achieve stable lubricating action at a definite interval with 
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respect to cleaning blade 23, whereby it is possible to 
assuredly minimize the formation of curl -under as well as 
minute vibrations. 

As noted in the image forming method of the present 
invention, in addition to mechanical cleaning obtained by 
employing cleaning blade 23, electrostatic cleaning obtained 
by employing cleaning roller 3 0 is practiced. As a result, 
without an increase in contact load of cleaning blade on 
photoreceptor 10, it is possible to exhibit stable and high 
cleaning performance over an extended period of time. 
Therefore, marked effects are exhibited by employing organic 
photoreceptors which have not been employed using the 
conventional cleaning unit, due to the fact that it is 
impossible to increase contact load of cleaning blade 2 3 and 
to obtain stable cleaning performance over an extended period 
of time. 

The Photoreceptor employed in the invention will now be 
described . 

First, photoreceptor 10 in Fig. 1(a) or 1(b), employed 
in the embodiment of the present invention will be detailed. 

An area to which a toner is adhered, as well as a. 
scraping force which is applied to remove a toner, greatly 
depend on the surface roughness of the photoreceptor. 
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Employed as the present photoreceptor is one which has 
a surface roughness Rz in the standard length of 15 mm of 0.1 
to 2.5 (im . 

As noted above, the surface of present photoreceptor is 
suitably roughened, namely has said surface roughness Rz . As 
a result, even when toner is not present between the present 
photoreceptor and the cleaning blade, close contact between 
them is prevented whereby blade curl -under due to an increase 
in friction force between them is minimized. 

When said surface roughness Rz is less than 0.1 [Am, 
friction force between the photoreceptor and the cleaning 
blade increases due to excessive flatness of the 
photoreceptor surface, whereby blade curl -under tends to 
occur. 

When said surface roughness Rz is 2.5 |0.m or more, the 
photoreceptor surface is excessively roughened. As a result, 
insufficient toner removal occurs due to a decrease in the 
cleaning ability of the cleaning blade as well as an increase 
in the abrasion amount of said blade, whereby insufficient 
cleaning effect, shown by black streaks and white streaks 
tends to occur. 
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«Surface Roughness of Photoreceptor: method for adjusting 
ten-point mean roughness Rz to the range of 0.1 to 2.54 |lm» 

A method for adjusting the surface roughness of the 
photoreceptor to the desired value will now be described. 

Effectively employed as a method for adjusting the 
surface roughness of the photoreceptor, that is, ten-point 
mean roughness Rz to the range of 0.1 to 2.5 Jim, is one which 
suitably roughens the surface of the conductive support 
constituting said photoreceptor. 

Employed mainly as materials of the conductive support 
employed in the embodiments of the present invention are 
metals such as aluminum, copper, brass, steel, and stainless 
steel, as well as plastic materials which are molded and 
machined to a belt shape or a drum shape. Of these, 
aluminum, due to its low cost and excellent machinability , is 
preferably employed. Cylindrical thin wall aluminum tubes, 
prepared commonly by extrusion molding or drawing molding, 
are frequently employed. 

The roughened surface of the conductive support 
employed in the present embodiment is preferably from 0.1 to 
2.5 flm in terms of ten-point mean surface roughness Rz, and 
is more preferably from 0.2 to 1.5 (im. It is possible to 
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adjust the surface roughness by applying the interlayer and 
the photosensitive layer described below onto the support 
having said surface roughness. 

As noted above, methods for roughening the surface of 
supports include a method which shaves the support surface 
employing cutting tools so as to achieve surface roughening, 
a sand blasting method in which minute particles are allowed 
to collide with the support surface, a machining method 
employing the ice particle washing apparatus described in 
Japanese Patent Publication Open to Public Inspection No. 4- 
20453 8, and a honing method described in Japanese Patent 
Publication Open to Public Inspection No. 8-15110. Further, 
listed are an anodic oxidation method, an alumite processing 
method, a buffing method, a method utilizing a laser method 
described in Japanese Patent Publication Open to Public 
Inspection No. 8-1502, and a roller burnishing method 
described in Japanese Patent Publication Open to Public 
Inspection No. 8-1510. However, surface roughening methods 
are not limited to these. 

Further, considered as other methods to roughen the 
photoreceptor surface is a method in which fine 0.1 to 5 |im 
particles are added to the surface layer of the 
photoreceptor. For example, as described in Japanese Patent 
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Publication Open to Public Inspection No. 8-248663, it is 
possible to adjust the roughness of the photoreceptor surface 
to said range in such a manner that fine inorganic particles, 
which have been subjected to a hydrophobic treatment, are 
dispersed and incorporated into the surface layer of the 
photoreceptor. As the method for rendering fine inorganic 
particles hydrophobic, methods may be employed in which 
treatment is carried out employing hydrophobici ty resulting 
agents such as titanium coupling agents, silane coupling 
agents, and polymer fatty acids or metal salts thereof. 
Definition of Surface Roughness Rz and its Measurement Method 

The surface roughness Rz, as describes in the present 
embodiments, refers to ten-point mean roughness of length L 
of 15 mm, that is, the difference between the average height 
of the 5 highest peaks and the average depth of the 5 lowest 
valleys . 

In the present embodiments, roughness Rz was determined 
employing a surface roughness meter (Surfcorder SE-3 0H, 
manufactured by Kosaka Kenkyusho Co.) . However, other 
measurement devices may be employed as long as the same 
results are obtained within the prescribed error range. 

The apparatus have preferably a pair of cleaning 
members . 
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Figs. 10(a) to 10(f) is a view of a structure in which 
each cleaning member is paired. 

As a practical problem, when a non- transferred image at 
the highest density (being formed during the patch formation 
for adjusting the image density or during jamming) is cleaned 
employing the first cleaning member, investigations were 
carried out to clarify the necessary removal amount of the 
toner of said image so that the residual toner on the 
photoreceptor was completely removed employing the additional 
second cleaning member. 

As a result, it was discovered that when at least 50 
percent by weight of the residual toner, adhered onto the 
photoreceptor, was removed by said first cleaning member, it 
was also possible to completely remove the toner of any non- 
transferred image. It was assumed that by allowing said 
first cleaning member to remove at least 50 percent by weight 
of the toner on the photoreceptor, toner particles near the 
lowest layer resulted in a decrease in the adhesion force to 
the photoreceptor. Namely, it was assumed that even though 
it was impossible to remove toner particles near the lowest 
layer, minute movement and charge removal due to mechanical 
vibration as well as electrostatic action resulted in a 
decrease in the strong adhesion force with the photoreceptor. 
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Accordingly, even for the same amount of adhered toner, 
the adhesion force onto the photoreceptor of toner in the 
toner layer, which has been subjected to removal employing 
said cleaning member, is very different from that in the 
toner layer, which has not been subjected to said removal. 
Thus it will be understood that the aforesaid results are 
obtainable . 

In order to achieve effects to decrease said adhesion 
force, essential conditions are that as noted above, at least 
50 percent by weight of toner particles forming the toner 
layer is removed. As the upper limit, 9 0 percent by weight 
or less is preferred. As constituted above, it becomes 
possible to completely remove all residual toner on the 
photoreceptor, even though the removing ability of the second 
cleaning member is not always high. 

On the other hand, when the- first cleaning member 
removes the toner at a ratio of less than 50 percent by 
weight, the action of the first cleaning member to the toner 
particles near the lowest layer becomes insufficient. As a 
result, even though the second cleaning member results in a 
high toner removal ratio, toner near the photoreceptor 
occasionally remains. When it is attempted to completely 
remove said remaining toner by increasing the force of the 
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second cleaning member, the toner pressing force to the 
photoreceptor increases. As a result, filming as well as 
abrasion of the surface of the photoreceptor is caused. 

When it is attempted to completely remove all residual 
toner particles including the lowest layer, employing only 
one cleaning member, said tendency is further enhanced. For 
example, when an elastic blade is employed as the cleaning 
member, a small pressing force to the photoreceptor results 
in insufficient cleaning, while an excessively large pressing 
force results in toner filming as well as abrasion on the 
surface of said image firming body. Further, even though 
there are optimal pressing conditions between them, their 
range is extremely narrow and varied due to various external 
factors. As a result, it is impossible to put them into 
practical use. 

Further, when the system, as described above, is 
utilized in which a large load is applied to the cleaning 
member on the downstream side, any mechanical problems of the 
cleaning member results in delivery of a large amount of 
residual toner to image forming members (being a charging 
unit and development unit) . This is not preferable from the 
aspect of stability of the entire image forming apparatus. 
Even in cases in which the above occurs, it is preferable 
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that the amount of the residual toner, which will be carried 
further downstream from the cleaning unit be as little as 
possible . 

Incidentally, the toner removal ratio, as described in 
the present invention, was calculated employing the formula 
described below, based on the weight ratio (weight after 
passing : weight prior to passing) of the adhered toner per 
unit area before and after cleaning one toner layer to 10 
toner layers adhered onto the photoreceptor to be measured. 
The toner adhesion weight was obtained as follows. Toner on 
the photoreceptor was collected employing previously weighed 
adhesive tape of a definite area, and the resulting tape was 
weighed . 

Toner removal ratio (in percent) = (weight after 
cleaning/weight of prior to cleaning) x 100 

The adhesion amount of residual toner prior to cleaning 
varies depending on toner particle diameter, but is from 0.8 
to 1.2 mg/cm 2 at a toner particle diameter of 8.5 Jim, and 0.4 
to 0.7 mg/cm 2 at a toner particle diameter of 6.5 Jim. 
However, these values vary to a large extent depending on the 
types of toner resins and incorporation or non- incorporation 
of magnetic materials. 
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Said cleaning unit comprises a first cleaning member 
and a second cleaning member downstream, and is structured so 
that at least 50 percent of the residual toner on the 
photoreceptor is removed employing the first cleaning member. 
Toner Cleaning System Applicable to the Present Invention 

Currently, there are several different types of toner 
cleaning systems. However, systems applicable to the present 
invention are not particularly limited, and any effective 
system may be employed. Representative systems include a 
blade cleaning system/a brush roller cleaning system. In 
addition, these applications as either the first cleaning 
member or the second cleaning member are not particularly 
limited. The most common system is that the roller is used 
as the first cleaning member, while the blade is used as the 
second cleaning member. 
Blade Cleaning System 

Installation of blade is such that the leading edge of 
said blade comes into pressure contact with an photoreceptor, 
being counter to its rotation (being a so-called counter 
directional pressure contact) , and the angle between trie 
tangential line of the photoreceptor drawn at the pressure 
contact section and the blade is suitably from 0 to 4 0 
degrees on the blade passing surface. 
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When both first and second cleaning members are 
constituted employing said blade system, from the viewpoint 
of minimizing of curl-under, it is preferable that the load 
of the second cleaning member is less than that of the first 
one . 

Elastic/Brush Roller Cleaning System 

Said system is constituted in such a manner that 
elastic roller and brush roller come into contact with the 
photoreceptor and the toner on said photoreceptor is 
mechanically removed. 

In order to improve the contact state with the 
photoreceptor, in the case of the elastic roller of which 
surface is comprised of elastic materials, it is possible to 
employ those which are comprised of rubber materials, 
conventionally known in the art, such as silicone rubber and 
polyurethane , or foamed materials thereof, and further those 
in which the surface of the foamed materials is covered with 
resins . 

On the other hand, in the case of said brush roller, 
employed as materials of the brush section may be fibers, 
conventionally known in the art, such as rayon, nylon, and 
vinylon . 
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From the viewpoint of minimizing of toner splitting, as 
well as minimizing abrasion of the surface of the 
photoreceptor, it is preferable that either said elastic 
roller or said brush roller moves in the same direction 
(being the driven rotation direction) as the photoreceptor in 
the contact section. 

When moved to the opposite direction, in the case in 
which, for example, during insufficient transfer or jamming, 
there is particularly a large amount of toner on the surface 
of the image holding body, recovered toner is possibly spilt 
onto transfer material. From this point of view, when both 
rotation directions are set to be the same, operator 
attention will not be needed. 

An photoreceptor and a roller (herein, referred to as 
an photoreceptor) need not be rotated at the same identical 
speed, and the resulting circumferential speed ratio is 
preferably from 0.5 : 1 to 2 : 1. When said ratio is less 
than 0.5, the resulting cleaning power decreases, while when 
it exceeds 2, in the case of interposing foreign matter, the 
surface of the photoreceptor is possibly damaged. 

In order to remove recovered toner, a scraper or a 
flicker is frequently fitted with a practically employed 
elastic roller or brush roller. 
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Further, in order to enhance cleaning ability, it is 
possible to apply a bias voltage onto the elastic section or 
the brush section. By so doing, it is possible to preferably 
carry out cleaning employing electrical force. In said 
embodiment, a constant current power source unit is 
preferably employed which is constituted so that the output 
voltage is controlled, based the resistance between the 
elastic/brush roller and the photoreceptor so as to 
continually output constant electric current values. 

The polarity of the applied voltage during said period 
is opposite that of the toner employed for visualization. 
Namely, when the toner is charged negatively, the electric 
current is subjected to controlling so that a positive bias 
voltage is applied to the cleaning roller. Since the voltage 
is applied utilizing a constant current power source, the 
roller surface, or the brush and the surface of the 
photoreceptor carry an electric potential difference so as to 
run a constant electric current. Since said electric 
potential difference is always kept constant corresponding to 
the electric potential on the photoreceptor, unevenness and 
insufficient cleaning, due to the electric potential level of 
the photoreceptor as well as the polarity, rarely occur, 
compared to the case employing a constant current power 
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source. Further, since a marked large electric potential 
difference does not occur, discharge onto the photoreceptor 
also hardly occurs. 

Further, cleaning properties, image quality, 
photoreceptor durability, and blade durability over an 
extended period of time are more effectively enhanced by 
preparing the surface layer of the electrophotographic 
photoreceptor employed in the present embodiments, comprising 
siloxane based resins having a cross -linked structure as the 
major component. Said surface layer comprised of said 
siloxane based resins, having a cross-linked structure as the 
major component, exhibits high surface hardness as well as 
excellent elasticity. As a result, the photoreceptor surface 
is minimally abraded by the cleaning blade, and in addition, 
the surface structure, prepared by applying the surface layer 
to the electrophotographic photoreceptor and subsequently 
drying the resultant coating, is maintained over an extended 
period of time, whereby consistent cleaning properties are 
maintained for an extended period of time. 

It is possible to form a photoreceptor according to the 
embodiment of the invention comprising a surface layer 
containing said siloxane based resin having cross - linking 
structure mentioned above by a way described below. 
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The siloxane based resinous layer is formed by 
applying, onto a support, a coating composition prepared by 
employing organic silicon compounds represented by General 
Formula (1) , described below, as the raw materials and 
subsequently drying said coated layer. These raw materials 
undergo hydrolysis in a hydrophilic solvent and subsequently 
result in a condensation reaction. Thus, they form 
condensation products (oligomers) of organic silicon 
compounds in a solvent. By applying these coating 
compositions onto a support and subsequently drying the 
resultant coated layer, it is possible to form a resinous 
layer comprising siloxane based resins forming a three- 
dimensional net structure. 
General Formula (1) 
(R)n-Si- (X) 4 -n 

wherein R represents an organic group in which a carbon atom 
directly bonds to a silicon atom, X represents a hydroxyl 
group or a hydrolyzable group, and n represent an integer of 
0 to 3 . 

In organic silicon compounds represented by General 
Formula (1) , listed as organic groups represented by R, in 
which the carbon atom directly bonds to the silicon atom, are 
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an alkyl group such as methyl , ethyl , propyl , butyl , and the 
like; an aryl group such as phenyl, tolyl, naphthyl, 
biphenyl, and the like; an epoxy containing group such as y- 
glycidoxypropyl, p- (3 , 4 -epoxycyclohexyl ) ethyl , and the like; 
a (metha) acryloyl containing group such as y-acryloxypropyl , 
and y-methacryloxypropyl ; a hydroxy containing group such as 
y-hydroxypropyl, 2 , 3 -dihydroxypropyloxypropyl , and the like; 
a vinyl containing group such as vinyl , propenyl , and the 
like; a mercapto containing group such as y-mercaptopropyl , 
and the like; an amino containing group such as y- 
aminopropyl, N-(3 (aminoethyl) -y-aminopropyl and the like; a 
halogen containing group such as y-chloropropyl , 1,1,1- 
trif luoropropyl , nonaf luorohexyl , perf luorooctylethyl and the 
like; and others such as a nitro- or cyano- substituted alkyl 
group. Specifically preferred are alkyl groups such as 
methyl, ethyl, propyl, butyl, and the like. Further, listed 
as hydrolyzable groups represented by X are an alkoxy group 
such as methoxy, ethoxy, and the like, a halogen atom, and an 
acyloxy group. Specifically preferred are alkoxy groups 
having not more than 6 carbon atoms . 

Further, organic silicon compounds represented by 
General Formula (1) may be employed individually or in 
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combinations of two or more types. However, it is preferable 
to employ at least one type of organic silicon compounds 
represented by General Formula (1), in which n is 0 or 1 . 

Further, in the specific organic silicon compounds 
represented by General Formula (1) , when n is at least 2, a 
plurality of R may be the same or different. In the same 
manner, when n is not more than 2, a plurality of X may be 
the same or different. Still further, when at least two 
types of organic silicon compounds represented by General 
Formula (1) are employed, R and X, in each compound, may be 
the same or different. 

Said surface layer is preferably formed so that 
colloidal silica is incorporated into the composition 
comprising said organic silicon compounds or hydrolyzed 
condensation products thereof. The colloidal silica, as 
described herein, means silicon dioxide particles which, are 
dispersed colloidally into a dispersion medium. Said 
colloidal silica may be added during any stage of preparation 
of the coating composition. Said colloidal silica may be 
added in the form of water based or alcohol based sol, and 
aerosol prepared in a gas phase may be dispersed directly 
into the coating composition. 
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In addition, metal oxides such as titania, alumina, and 
the like, may be added in the form of sol or a particle 
dispersion . 

Colloidal silica and said tetraf unctional (n = 0) or 
trifunctional (n = 1) organic silicon compounds provide 
elasticity as well as rigidity with the resinous layer of the 
present invention through the formation of a bridge 
structure. As the ratio of bif unctional silicon compounds (n 
= 2) increases, rubber elasticity as well as hydrophobicity 
increases. Unif unctional silicon compounds (n = 3) undergo 
no polymerization but increase hydrophobicity upon reacting 
with residual SiOH groups which have not undergone reaction. 

The surface layer is a preferably a resin layer which 
is comprised of siloxane based resins prepared utilizing 
condensation reaction of said organic silicon compounds or 
condensation products thereof with the compounds represented 
by General Formula (2) described below. 
General Formula (2) 

B- (R x -ZH) m 

wherein B represents a univalent or multivalent group 
comprising structural units having charge transportability, 
Ri represents a single bond or divalent alkylene group, Z 
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represents an oxygen atom, a sulfur atom or NH, and m 
represents an integer of 1 to 4 . 

Further, compounds represented by the aforementioned 
General Formula (2) may be subjected to condensation reaction 
with the hydroxyl group on the colloidal silica surface and 
incorporated into said siloxane based resinous layer. 

In the present invention, employed may be a composite 
siloxane based resinous layer prepared by adding other metal 
hydroxides (for example, hydrolyzed products of each alkoxide 
of aluminum, titanium, and zirconium) except for said 
colloidal silica. 

B of General Formula (2) is a univalent group 
comprising a charge transportable compound structure. 
Comprising a charge transportable compound structure, as 
described herein, means that the compound structure obtained 
by excluding a Ri-ZH group in General Formula (2) possesses 
charge transportability or a compound represented by BH, 
which is obtained by substituting R 2 -ZH in the aforementioned 
General Formula (2) with a hydrogen atom, possesses charge 
transportability. 

In other definition, the charge transportable compound 
is a compound showing characteristics having drift mobility 
of electrons or holes, or in other words, a compound by which 
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an electric current caused by charge transportation can be 
detected by a known method for detecting the charge 
transportation ability such as Time -Of -Flight method. 

The composition ratio of the total weight (H) of the 
condensation product formed from said organic silicon 
compound, having a hydroxyl group or hydrolyzable group, and 
an organic silicon compound, having a hydroxyl group or a 
hydrolyzable group, to the composition of compound (I) 
represented by the aforementioned General Formula (2) is 
preferably between 100 : 3 and 50 : 100 in terms of the 
weight ratio, and is more preferably between 100 : 10 and 50 
: 100 . 

In the present invention, further, colloidal silica or 
other metal oxides may be added. When colloidal silica or 
other metal oxides (J) are added, 1 to 3 0 weight parts of (J) 
is preferably employed with respect to 100 parts of said 
total weight (H) plus the weight of compound (I) component. 

When a component, having said total weight (H) , is 
employed within said range, the resin layer of the 
photoreceptor of the present invention exhibits high hardness 
as well as sufficient elasticity. The weight of component 
(J) , shows similar characteristics as component (H) . On the 
other hand a component, having said total weight (I) , Is 
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employed within said range, it exhibits good 
electrophotographic characteristics such as sensitivity, 
residual potential and so on as well as high hardness of the 
resin layer. 

When said siloxane based resinous layer for the surface 
layer is formed, in order to enhance condensation reaction, 
condensation catalysts are preferably employed. The 
condensation catalysts employed herein may be those which 
either catalytically act on condensation reaction or move the 
reaction equilibrium of the condensation reaction in the 
reaction proceeding direction. 

Employed as specific condensation catalysts may be 
those such as acids, metal oxides, metal salts, alkyl 
aminosilane compounds, and the like, which have 
conventionally been employed in silicone hard coat materials. 
For example, listed may be alkali metal salts of organic 
carboxylic acids, nitrous acid, sulfurous acid, aluminic 
acid, carbonic acid, and thiocyanic acid; organic amine salts 
{ tetramethylammonium hydroxide, tetramethylammonium acetate) , 
tin organic acid salts (stannous octoate, dibutyl tin 
acetate, dibutyl tin dilaurate, dibutyl tin mercaptide, 
dibutyl tin thiocarboxylate , dibutyl tin maliate, and the 
like; and the like. 
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In General Formula (2) , the group having the charge 
transportable compound structure represented by B, has a 
positive hole transport type and an electron transport type. 
Listed as positive hole transport type groups are groups 
having structural units such as oxazole, oxadiazole, 
thiazole, triazole, imidazole, imidazolone, imidazoline, 
bisimidazoline, styryl, hydrazone, benzidine, pyrazoline, 
triarylamine , oxazolone, benzothiazole , benzimidazole , 
quinazoline, benzofuran, acridine, phenazine, and the like, 
and groups derived from derivatives thereof. On the other 
hand, listed as electron transport type groups having 
structural units such as succinic anhydride, maleic 
anhydride, phthalic anhydride, pyromellitic anhydride, 
mellitic anhydride, tetracyanoethylene , 

tetracyanooxodimethane, nitrobenzene, dinitrobenzene , 
trinitrobenzene, tetranitrobenzene , nitrobenzonitrile , picryl 
chloride, quinonechloroimide , chrolanil, bromanil, 
benzoquinone, napthoquinone , diphenoquinone , tropoquinone , 
anthraquinone, 1-chloroanthraquinone, dinitroanthraquinone , 
4-nitrobenzophenone, 4 , 4 ' -dinitrobenzophenone, 4- 
nitrobenzalmalondinitrile, a-cyano-{3- (p-cyanophenyl ) -2- (p- 
chlorophenyl) ethylene, 2 , 7 -dini trof luorenone , 2,4,7- 
trinitrof luorenone, 2 , 4 , 5 , 7 - tetranitrof luorenone , 9- 
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f luoronylidenedicyanomethylenemalonitrile, polynitro-9- 
f luoronylidenedicyanomethylenemalonitrile, picric acid, o- 
nitro-benzoic acid, p-nitro-benzoic acid, 3 , 5 -dinitrobenzoic 
acid, perf luorobenzoic acid, 5 -nitrosalicylic acid, 3,5- 
dinitrosalycilic acid, phthalic acid, mellitic acid, and 
groups derived from derivatives thereof. 

Representative examples of compounds represented by 
General Formula (2) are described below. 

Examples of compounds, in which Z represents an oxygen 
atom in General Formula (2) , are listed below. 
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Be-1 HOH 2 CH 2 C 




CH 2 OH 
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So-1 



So-2 




Next, examples of compounds, in which Z represents 
NH group in General Formula (2) , are listed below. 
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Next, examples of compounds, in which Z represents a 
mercapto group (SH) in General Formula (2) , are listed below. 
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The layer configuration of the photoreceptor according 
to the invention is not restricted specifically. It is 
preferable that the photoreceptor comprises an electro- 
conductive support having under coat (ULC) , and thereon, 
photosensitive layer having separated functions of charge 
generation layer (CGL) and charge transport layer (CTL) in 
this order and further thereon a resin layer coat according 
to the present invention in the negative charge 
photoreceptor. The order of the charge generation layer and 
the charge transport layer among the negative charge 
photoreceptor mentioned above is preferably reversed in the 
positive charge photoreceptor. A photosensitive (charge 
generation and charge transport) layer may be provided on a 
electro- conductive support having an under coat layer (UCL) , 
and further the resin layer according to the invention is 
coated. 

The resin layer may have function of the photosensitive 
layer as well. In this instance, the resin layer may work as 
the charge generation layer or the charge transport layer in 
the separated function photoreceptor mentioned above. Or, 
the photosensitive layer of single layer photoreceptor may be 
composed of the resin layer. 
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The resin layer of the photoreceptor is used as a 
surface layer so as to make good use of characteristics of 
the resin layer. In the other embodiment a surface layer may 
be provided on the resin layer so as to improve lubricating 
characteristics at the time of starting of the image 
formation when the photoreceptor is installed in an 
electrophotographic image forming apparatus. 

Employed in the charge generating layer (CGL) , the 
charge transfer layer (CTL) and the photosensitive layer of 
single layer photoreceptor may be those commonly known in the 
art. For example, employed as the charge generating 
materials (CGM) may be phthalocyanine pigments, azo pigments, 
perylene pigments, azulenium pigments, and the like. For 
example, employed as charge transfer materials (CTM) 
triphenylamine derivatives, hydrazone compounds, styryl 
compounds, benzidine compounds, butadiene compounds, and the 
like. These charge transport materials are commonly 
dissolved in appropriate binder resins and are then subjected 
to film formation. 

In the layers in which the resin layer of the invention 
is not employed as the photosensitive layers, i., e., the 
charge generating layer (CGL) , the charge transfer layer 
(CTL) and the photosensitive layer of single layer 
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photoreceptor resins employed for the binder are listed as, 
for example, polystyrene, acrylic resins, methacrylic resins, 
vinyl chloride resins, vinyl acetate resins, polyvinyl 
butyral resins, epoxy resins, polyurethane resins, phenol 
resins, polyester resins, alkyd resins, polycarbonate resins, 
silicone resins, melamine resins, and copolymers comprising 
at least two repeating units of these resins, and other than 
these insulating resins, high molecular organic 
semiconductors such as poly-N-vinylcarbazole . 

The ratio of binder resins to charge generating 
materials is preferably between 20 and 600 weight parts per 
100 weight parts of the binder resins. The ratio of binder 
resins to charge transport materials is preferably between 10 
and 200 weight parts per 100 weight parts of the binder 



resins . 



The thickness of the charge generating layer is 
preferably between 0.01 and 2 jxm. The thickness of the 
charge transport layer is preferably between 10 and 40 Jim. 
And the thickness of the resin layer provided on the 
photosensitive layers is preferably from 0.1 to 5 fim. 

In order to improve adhesion between the electrically 
conductive support and said photosensitive layer or to 
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minimize charge injection from said support, provided is the 
under-coat layer (UCL) employed on the photoreceptor of the 
present invention between said support and said 
photosensitive layer. Listed as materials of said under-coat 
layer are polyamide resins, vinyl chloride resins, vinyl 
acetate resins, and copolymer resins comprising at least two 
repeating units of these resins. The other example includes 
hardened metal resin compound which is obtained by thermally 
hardening organic metal resin such as silane coupling agent 
or titanium coupling agent. The thickness of the interlayer 
comprised of these resins is preferably between 0.01 and 10 
jim. 

The antioxidants may be incorporated in the surface 
layer so as to prevent generation of fogging or image blur at 
high temperature and high humidity. 

The antioxidants, as described herein, means materials, 
as representative ones, which minimize or retard the action 
of oxygen under conditions of light, heat, discharging, and 
the like, with respect to auto-oxidation occurring materials 
which exist in the electrophotographic photoreceptor or the 
surface thereof. Specifically, a group of such compounds 
described below is listed. 
(1) Radical Chain Inhibitors 
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•Phenol based antioxidants (hindered phenol based) 
•Amine based antioxidants (hindered amine based, 
diallyldiamine based, diallylamine based) 
• Hydroquinone based antioxidants (hindered phenol based) 
(2) Peroxide Decomposing Agents 
•Sulfur based antioxidants (thioethers) 

•Phosphoric acid based antioxidants (phosphorous acid esters) 

Of said antioxidants, preferred are radical chain 
inhibitors included in (1) . Specifically hindered phenol 
based or hindered amine base antioxidants are preferable. 
Further two or more types may be employed in combinations. 
For example, hindered phenol based antioxidants listed in (1) 
are preferably employed together with thioether antioxidants 
listed in (2) . Further, antioxidants may be employed in 
which structural units of said antioxidants such as hindered 
phenol structural units and hindered amine structural units 
are incorporated into molecules. 

Of said antioxidants, hindered phenol based and 
hindered amine based antioxidants are specifically effective 
for minimizing the formation of background stain as well as 
image blurring under high temperature and high humidity. 

The content of hindered phenol based or hindered amine 
based antioxidants in a resinous layer is preferably between 
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0.01 to 20 percent by weight. When the content is less than 
0.01 weight percent, neither background stain nor image 
blurring is minimized under high temperature and high 
humidity. On the other hand, when the content is no less 
than 20 percent by weight, charge transportability on the 
resinous layer is degraded, the residual potential tends to 
increase, and further, the layer strength decreases. 

Further, if desired, said antioxidants may be 
incorporated into a charge generating layer in the lower 
layer, a charge transport layer, an interlayer, or the like. 
The added amount of said antioxidants to these layers is 
preferably between 0.01 and 20 percent by weight with respect 
to each layer. 

The hindered phenols as described herein means 
compounds having a branched alkyl group in the ortho position 
relative to the hydroxyl group of a phenol compound and 
derivatives thereof. (However, the hydroxyl group may be 
modified to an alkoxy group.) 

The hindered amines are compounds having an organic 
bulky group neighboring to nitrogen atom. An example of the 
bulky group is branched alkyl group, preferable example of 
which is t-butyl group. The preferable examples of the 
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compounds having organic group are those represented by the 
following structural formula: 



wherein R 13 represents a hydrogen atom or a univalent 
organic group, R 14 , R 15 , R 16 , and R 17 each represents an alkyl 
group, and Rig represents a hydrogen atom, a hydroxyl group, 
or a univalent organic group. Listed as antioxidants having 
a partial hindered phenol structure are compounds described 
in Japanese Patent Publication Open to Public Inspection No. 
1-118137 (on pages 7 to 14) . 

Listed as antioxidants having a partial hindered amine 
structure are compounds described in Japanese Patent 
Publication Open to Public Inspection No. 1-118138 (on pages 



Phosphoric acid compounds include, for example, 
compounds represented by General Formula RO-P(OR)-OR. Listed 
as representative compounds are those described below. 
Incidentally, in said General Formula, R represents a 




7 to 9) . 
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hydrogen atom, and a substituted or unsubst ituted group of 
any of an alkyl group, an alkenyl group or an aryl group. 

Organic sulfur compounds include, for example, 
compounds represented by General Formula R-S-R. Listed as 
representative compounds are those described below. 
Incidentally, in the general formula, R represents a hydrogen 
atom, and a substituted or unsubstituted group of any of an 
alkyl group, an alkenyl group or an aryl group. 

Compound examples of representative antioxidants are 
listed below. 
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-C 4 H 9 (t) 
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Examples of antioxidant available on the market include 
the followings. 

Hindered phenol type antioxidant: Ilganox 1076, Ilganox 
1010, Ilganox 1098, Ilganox 245, Ilganox 1330, Ilganox 3114, 
and 3 , 5-di-t-butyl-4-hydroxybiphenyl . 

Hindered amine type antioxidant: Sanol LS2 62 6, Sanol 
LS765, Sanol LS770, Sanol LS744 , Tinuvin 144, Tinuvin 622LD, 
Mark LA57, Mark LA6 7, Mark LA62, Mark LA6 8 and Mark LA63 . 

Thioether type antioxidant: Sumirizer TPS and Sumirizer 

TP-D. 

Phosophite type antioxidant: Mark 2112, Mark PEP- 8, 
Mark PEP-24G, Mark PEP-36, Mark 329K and Mark HP-10. 

The siloxane based resin containing layer of the 
present invention is formed by dissolving siloxane based 
resinous composition in common solvents and coating the 
resultant composition onto a support. Employed as said 
solvents are alcohols and derivatives thereof such as 
methanol, ethanol, propanol , butanol, methyl cellosolve, 
ethyl cellosolve, and the like; ketones such as methyl ethyl 
ketone, acetone, and the like; esters such as ethyl acetate, 
butyl acetate, and the like; and the like. 

The siloxane based resinous layer of the present 
invention is preferably dried by heating. Cross linking and 
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hardening reaction in said siloxane based resin layer is 
enhanced by said heating. Said crosslinking and hardening 
conditions vary depending on the types of solvents used as 
well as the presence and absence of catalysts, but heating in 
the range of about 60 to about 160 °C is preferably carried 
out over 10 minutes to 5 hours, and heating in the range of 

9 0 to 12 0 °C is more preferably carried out over 3 0 minutes 

to 2 hours . 

The outermost layer of the photoreceptor employed in 
the present embodiment, preferably has a contact angle to 
water of at least 90 degrees and an upper limit of 180 
degrees . 

By employing a photoreceptor having such a highly 
releasable surface, abrasion of the cleaning roller is 
minimized, and a uniform electric field is formed between 
said photoreceptor and the said cleaning roller. As a 
result, insufficient of residual toner is prevented. 
Further, since the photoreceptor and the cleaning roller move 
at a stabilized speed ratio at their contact area, an 
electric field is consistently formed, whereby excellent 
cleaning is uniformly carried out. Further, the phenomena in 
which the toner transferred to the cleaning roller is re- 
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transferred to the photoreceptor is minimized, whereby 
excellent cleaning is carried out. 

The present photoreceptor, which is an 
electrophotographic photoreceptor having a highly releasable 
surface, is prepared by uniformly dispersing, for example, 
fluorine based resin powder onto its surface layer. Employed 
as specific examples of said fluorine based resin powders are 
polymers of tetraf luoroethylene , hexaf luoropropylene , 
trif luoroethylene, chlorotrif luoroethylene , vinylidene 
fluoride, vinyl fluoride, perf luoroalkyl vinyl ether, and 
copolymers thereof. Said fluorine based resinous powders 
having a particle diameter in the range of 0.01 to 5 um are 
usable and those having a molecular weight in the range of 
3,000 to 5,000,000 may be usable. 

Said fluorine based resinous powder is dispersed as a 
photosensitive layer composition along with binder resins. 
Employed as dispersion methods are sand mills, ball mills, 
roll mills, homogenizers , nanomizers, paint shakers, and 
ultrasonic wave generators. During dispersion, fluorine 
based surface active agents, graft polymers, and coupling 
agents may be employed as auxiliary agents. 

The content ratio of said fluorine based resinous 
powder is preferably from 2 to 7 0 percent by weight in the 
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outermost layer of the photoreceptor, and is more preferably 
from 4 to 55 percent by weight. When the content ratio is 
less than 2 percent by weight, the surface energy is not 
sufficiently decreased, while when the content ratio exceeds 
70 percent by weight, the strength of the surface layer is 
decreased . 

Listed as binder resins which are employed to disperse 
fluorine based resinous powder are polyester, polyurethane , 
polyallylate, polyethylene, polystyrene, polybutadiene , 
polycarbonate, polyamide, polypropylene, polyimide, 
polyamidoimide, polysulfone, polyallyl ether, polyacetal, 
nylon, phenol resins, acrylic resins, silicone resins, epoxy 
resins, urea resins, allyl resins, alkyd resins, and butyral 
resins. Further, reactive epoxy, acrylic, or methacrylic 
monomers and oligomers may be mixed, and subsequently 
hardened, and the resulting products may be employed. 

The photosensitive layer of the present photoreceptor 
is comprised of a single layer or a laminated layer 
structure. In the case of said laminated layer, a charge 
generating layer which forms light carriers and a charge 
transport layer which allows carriers to migrate, are 
laminated. The surface layer may be comprised of either a 
charge generating layer or a charge transport layer. 
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The allowed thickness of the photosensitive layer 
comprised of a single layer is preferably from 5 to 100 fim, 
and is more preferably from 10 to 60 Jim. The content ratio 
of charge generating materials or charge transport materials 
is preferably from 20 to 80 percent by weight, and is more 
preferably from 30 to 70 percent by weight. In a layer- 
laminated photoreceptor, the thickness of the charge 
generating layer is preferably from 0.001 to 6 Jim, and is 
more preferably from 0.01 to 2 |im. The content ratio of 
charge generating materials is preferably from 10 to 100 
percent by weight, and is more preferably from 4 0 to 100 
percent by weight. The thickness of the charge transport 
layer is preferably from 5 to 10 0 |lm, and is more preferably 
10 to 6 0 (im. The content ratio of the charge transport 
materials is preferably from 20 to 80 percent by weight, and 
is more preferably from 30 to 70 percent by weight. 

Listed as charge generating materials employed in the 
present embodiments are phthalocyanine pigments, polycyclic 
quinone pigments, azo pigments, perylene pigments, indigo 
pigments, quinacridone pigments, azulenium salt dyes, 
squalirium dyes, cyanine dyes, pyrylium dyes, thiopyrylium 
dyes, xanthene dyes, quinoneimine dyes, triphenylmethane 
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dyes, styryl dyes, selenium, selenium- tellurium, amorphous 
silicon, and cadmium sulfide. 

Listed as charge transport materials employed in the 
present embodiments are pyrene compounds, carbazole 
compounds, hydrazone compounds, N, N-dialkyl aniline compounds, 
diphenylamine compounds, triphenylamine compounds, 
triphenylmethane compounds, pyrazoline compounds, styryl 
compounds, and stilbene compounds. 

In the present photoreceptor, a protective layer may be 
laminated onto the photosensitive layer. The thickness of 
said protective layer is preferably from 0.01 to 20 |im, and 
is more preferably from 0.1 to 10 |lm. Into said protective 
layer may be incorporated said charge generating materials or 
charge transport materials, metals and oxides thereof, 
nitrides, salts, and further conductive materials such as 
carbon. 

Listed as binder resins employed in said protective 
layer are polyester, polyurethane , polyallylate , 
polyethylene, polystyrene, polybutadiene , polycarbonate, 
polyamide, polypropylene, polyimide, polyamidoimide , 
polysulfone, polyallyl ether, polyacetal, nylon, phenol 
resins, acrylic resins, silicone resins, epoxy resins, urea 
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resins, allyl resins, alkyd resins, and butyral resins. 
Further, reactive epoxy, acrylic, or methacrylic monomers and 
oligomers are mixed, and subsequently hardened, and the 
resulting products may be employed. 

Solvents, which are employed to disperse or dissolve 
charge generating materials as well as charge transport 
materials, include hydrocarbons such as toluene, xylene, and 
the like; halogenated hydrocarbons such as methylene 
chloride, 1 , 2 -dichloroethane , and the like; ketones such as 
methyl ethyl ketone, cyclohexanone , and the like; esters such 
as ethyl acetate, butyl acetate, and the like; alcohols and 
derivatives thereof such as methanol, ethanol, methyl 
cellosolve, ethyl cellosolve, and the like; ethers such as 
tetrahydrofuran, 1,4-dioxane, 1, 3-dioxolane, and the like; 
amines such as pyridine, diethylamine , and the like; amides 
such as N,N-dimethylformamide, and the like; fatty acids and 
phenols; sulfur and phosphorous compounds such as carbon 
disulfide, trimethyl phosphate, and the like; and the like. 
These may be employed individually or in combination. 

Next, employed as coating methods to produce the 
electrophotographic photoreceptor of the present invention 
may be a dip coating method, a spray coating method, a 
circular amount regulating type coating method, and the like. 
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In order to minimize the dissolution of the lower layer 
surface during coating of the surface layer side of the 
photosensitive layer, as well as to achieve uniform coating, 
the spray coating method or the circular amount control type 
coating method (being a circular slide hopper type as its 
representative example) is preferably employed. Further, the 
above-mentioned spray coating is, for example, described in 
Japanese Patent Publication Open to Public Inspection Nos . 3- 
90250 and 3-269238, while the above-mentioned circular amount 
control type coating is detailed in, for example, Japanese 
Patent Publication Open to Public Inspection No. 58-189061. 

Employed as conductive supports used in the present 
photoreceptor may be metals such as iron, copper, nickel, 
aluminum, titanium, tin, antimony, indium, lead, zinc, gold 
and silver, or alloys and oxides thereof, carbon, and 
conductive resins. The shape of said conductive supports 
includes cylinders, belts, and sheets. Further, said 
conductive materials are occasionally molded and machined, 
but may be coated as coating compositions or subjected to 
evaporation coating. 

A sublayer may be provided between the conductive 
support and the photosensitive layer. Said sublayer is 
mainly comprised of binder resins, but may comprise said 
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conductive materials or acceptors. Listed as binder resins 
to form said sublayer are polyester, polyurethane , 
polyallylate, polyethylene, polystyrene, polybutadiene , 
polycarbonate, polyamide, polypropylene, polyimide, 
polyamidoimide, polysulfone, polyallyl ether, polyacetal, 
nylon, phenol resins, acrylic resins, silicone resins, epoxy 
resins, urea resins, allyl resins, alkyd resins, and butyral 
resins . 

The present photoreceptor is produced employing methods 
such as evaporation and coating. Employed for coating are a 
bar coater, a knife coater, an attritor, a spray, dip 
coating, electrostatic coating, and powder coating. 

Toner employed in the invention is described. 

Further, the present invention also exhibits markedly 
desired effects when toner comprised of small-sized par/ticles 
and polymerization toner comprised of nearly spherical 
particles, prepared by employing a polymerization method, are 
employed which tend to result in insufficient cleaning such 
as insufficient residual toner removal. Specifically, even 
when toner comprised of particles having a volume average 
particle diameter of no more than 8.5 \lra, and further of no 
more than 6.5 jim, polymerization toner comprised of nearly 
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spherical particles, and toner comprised of particles having 
a volume average particle diameter in the range of 2 to 32 
|im, in which CV value of said toner particles is no more than 
2 0 percent, are employed, an appropriate removal electric 
field acts on these toners employing cleaning roller 30. As 
a result, it is possible to assuredly remove said toner from 
photoreceptor 10. "CV value", as described herein, 
represents the range of the toner particle size distribution 
and is obtained based on the formula described below. 

CV value = (standard deviation of particle 
diameter/arithmetic diameter) X 100 (in percent) 

The toner is preferably composed of specific particles 
having uniform shape. A high quality image having excellent 
developability and fine line reproduction ability can be 
obtained for long term by employing toner comprises at least 
65 percent of toner particles in the range of shape 
coefficient of 1.0 to 1.6. 

Further, it is extremely suitable to be employed in the 
invention since sharp distribution of charge amount can be 
obtained and, therefore, stain caused by toner scattering 
inside of the apparatus is strained and stability for long 
term is excellent. 
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The shape coefficient of the toner of the invention is 
an index of roundness of the toner particles and is defined 
by the formula. 

Shape coefficient = [(maximum diameter/2) 2 X %] 
/projection area 
wherein the maximum diameter means the maximum width of a 
toner particle obtained by forming two parallel lines between 
the projection image of said particle on a plane, while the 
projection area means the area of the projected image of said 
toner on a plane. 

In order to obtain this shape coefficient, toner 
particles are magnified 2 00 0 times employing a scanning type 
electron microscope and their image is photographed. 
Subsequently, employing the resulting electron microscopic 
image, the photographic image is analyzed, using "SCANNING 
IMAGE ANALYSER" (manufactured by JEOL Ltd.) . At the time, a 
figure, which is statistically meaningful, for example 100 
toner particles, is employed so that shape coefficient is 
calculated by the formula described above. 

The ratio of toner particles having a shape coefficient 
of 1.0 to 1.6 is at least 7 0 percent by number. And further, 
the ratio of toner particles having a shape coefficient of 



